Introduction {#Sec1}
============

Angiogenesis is essential for the proliferation of malignant tumors and development of its metastasis \[[@CR1]\]. When a tumor grows to be 2--3 mm or more in the course of proliferation, it may produce angiogenesis-stimulating growth factors by acting on itself and its surrounding normal cells to supply oxygen and nutrition. Such growth factors may induce digestion, migration/proliferation, and formation of lumens of the basement membrane of endothelial cells, leading to formation of a new vascular nest. This may enlarge the lesion, resulting in infiltration and hematogenous metastasis. There are many known growth factors for angiogenesis, including vascular endothelial growth factor (VEGF), platelet-derived growth factor (PDGF), and fibroblast growth factor (FGF). Among them, VEGF is regarded as more important since it is reported that the production of VEGF may be increased in many solid tumors and this ability to produce may be correlated with the number of blood vessels and prognosis in breast caner \[[@CR2]\], gastric cancer \[[@CR3]\], colon cancer \[[@CR4]\], lung cancer \[[@CR5]\], and others. Angiogenesis by VEGF starts when a VEGF is bound with a VEGF receptor that is a specific receptor appearing in endothelial cells. Subsequently, a VEGF receptor will transmit signals for proliferation and such like following autophosphorylation by tyrosine kinase of an intracellular domain. VEGF receptors comprise Flk-1/KDR, Flt-1, and Flt-4 \[[@CR6]\]. In particular, Flk-1/KDR is considered indispensable for the proliferation of endothelial cells as the most important receptor, only appearing in endothelial cells \[[@CR7]\]. Neutralization antibodies of VEGF and inhibitors of Flk-1/KDR inhibited proliferation of endothelial cells in vitro, and also suppressed angiogenesis and tumor proliferation in vivo \[[@CR8], [@CR9]\]. It is also shown that cellular proliferation was suppressed and tumors had fewer vessels when cell strains derived from ovarian cancer, lung cancer, and glioma were subcutaneously transplanted into SCID mice with a manifestation of Flk-1, the variant lacking tyrosine kinase domain \[[@CR10], [@CR11]\].

It has been realized that the susceptibility of established tumor blood vessels to an interference with VEGF/VEGFR2 signaling may be restricted to a fraction of immature vessels that lack co-localization with pericytes. The contact between endothelial cells and periendothelial support cells, such as pericytes or smooth muscle cells, stabilize new blood vessels, promotes endothelial survival, and inhibits endothelial cell proliferation. This is supported by the observation that interference with PDGF-BB/PDGFRb signaling resulted in disruption of already established endothelial/pericytes associations and vessel destabilization \[[@CR12], [@CR13]\].

TSU-68 (chemical name: (Z)-5-\[(1, 2-dihydro-2-oxo-3H-indol-3-ylidene) methyl\]-2,4-dimethyl-1H-pyrrole-3-propanoic acid) is a new, oral angiogenesis inhibitor. It has a low molecular weight that cuts the supply of oxygen and nutrition by inhibiting tyrosine phosphorylation of Flk-1/KDR, VEGF receptor and suppressing angiogenesis in tumor tissues to suppress tumor proliferation and metastasis \[[@CR14]\]. In addition, it was confirmed in pre-clinical studies that the substance inhibited tyrosine phosphorylation of PDGF and FGF receptors that are associated with the transmission of intracellular signals as well as VEGF receptors \[[@CR15], [@CR16]\], and also inhibited these related angiogenesis in mice \[[@CR17]\].

This study was conducted on Japanese patients with advanced solid tumors to evaluate adverse events and to estimate the recommended dose for twice-daily (b.i.d.) or thrice-daily (t.i.d.) administration after meals for a 4-week treatment of TSU-68. This study was designed to comply with the ethical principals of Good Clinical Practice in accordance with the Declaration of Helsinki.

Patient and methods {#Sec2}
===================

Patient selection {#Sec3}
-----------------

Patients with solid tumors whose malignancies were confirmed histopathologically, and patients with malignancies on which the standard therapy had no effect or for which no generally approved standard therapy exists, from a single institution in Japan. They were required to be 20--75 years old, can take the drug orally, have performance statues of 0--2, and expected to survive for a sufficient period of ≥60 days. Patients with physiologically adequate compensatory functions and with parenchymal organs, such as heart, pulmonary, renal, and bone marrow, in particular, functioning sufficiently, were eligible for this study. The following laboratory values, obtained within 15 days before the start of the study, must be satisfied (Leukocyte count: 4,000--12,000/mm^3^ or neutrophil count: ≥2,000/mm^3^, platelet count: ≥10 × 10^4^/mm^3^, hemoglobin level: ≥8.0 g/dl or more, total bilirubin: ≤1.5 mg/dl, glutamic-oxaloacetic transaminase/glutamic-pyruvic transaminase: ≤100 U/l, serum creatinine: ≤1.5 mg/dl, creatinine clearance: ≤50 ml/min, PaO~2~:≥65 mmHg, no clinical evidence of abnormality on electrocardiogram). These patients needed to have confirmed measurable lesions.

Patients were excluded for the potential influence of previous treatments, such as major invasive surgery, blood transfusion, or administration of G-CSF. Patients with active infections, serious complications, a history of serious thromboembolism, brain metastasis showing clinical symptoms, and colon diseases accompanied by active inflammation were excluded from this study.

It was confirmed that the investigator explained the details of the study to the patients in accordance with the information form before enrollment, and then allowed sufficient time before obtaining written consent. Prior to the conduct of this study, it was reviewed by the institutional review board at the National Cancer Center.

Drug administration {#Sec4}
-------------------

TSU-68 was provided by Taiho Pharmaceutical Co., Ltd (Tokyo, Japan). Twice-daily administration was given within 1 h after meals at about 12 h interval by a dose corresponding to each specified dosage level per body surface area, and thrice-daily administration was given at about 6- or 12-h interval.

TSU-68 was taken for 28 days continuously, and for patients evaluated as being better in evaluation of antitumor effect after completion of 28 days, the administration was to be continued within the range of this study period, unless it became difficult to continue the treatment due to occurrence of any adverse event.

Dose escalation {#Sec5}
---------------

The dose escalation was a three-patient cohort at each dose level and alternating of b.i.d. and t.i.d. The starting dose and number of TSU-68 was 200 mg/m^2^ b.i.d.

Dose-limiting toxicity (DLT) was defined as drug-related adverse events (adverse drug reactions) of grade 3 or more severe non-hematological toxicity or grade 4 or more severe hematological toxicity. The doses were increased by 100% for patients showing no adverse drug reaction of grade 2, by 40% for cases showing no DLT and adverse drug reaction of grade 3, or by 33% for cases showing DLT.

Each dosage level involved 3 patients, and 3 additional patients were to be administered if one or more of the initial three patients showed DLT. The drug was to be administered to at least 6 patients at the recommended dosage level. The maximum tolerated dose (MTD) was the appearance of DLT in 2/3 patients or 3/6 patients, and provided that those DLT was counted by the same toxicity category. The recommended dosage was determined to be one level lower than the dosage judged as the MTD. If the MTD was not found, the recommended dosage was also determined in consideration of the results of the pharmacokinetic investigation.

Patient evaluation {#Sec6}
------------------

Patient condition was assessed by hematology/chemistry laboratory data, urinalysis, vital signs, performance status, and clinical findings at least weekly. Symptoms were evaluated in accordance with the Common Toxicity Criteria version 2.0 (NCI-CTC) \[[@CR18]\].

Antitumor effects and adverse reactions were evaluated in accordance with the criteria of the Japan Society for Cancer Therapy \[[@CR19]\], which is based on criteria established by the WHO. The criteria for the evaluation of antitumor effects were as follows: complete response (CR), eradication of all cancers and maintenance of the condition for 4 weeks or more; partial response (PR), 50% or more reduction in size of lesions and maintenance of the condition for 4 weeks or more; no change (NC), less than 50% reduction in size of lesions or enlargement of lesions within 25% and maintenance of the condition for 4 weeks or more; progressive disease (PD), 25% or more enlargement of lesions or appearance of new lesions.

Pharmacokinetics studies {#Sec7}
------------------------

For twice-daily administration, sequential blood collection was performed after the 1st, 3rd, and 55th doses. Blood samples were collected within 30 min before dosing and at the following times after dosing: 1, 1.5, 2, 3, 4, 6, 8, and 12 h (the 1st, 3rd, and 55th doses), and l, 1.5, 2, 3, 4, and 12 h (the 56th dose).

For three times daily administration, sequential blood collection was performed after the 1st dose and the 2nd, 82nd, and 84th doses (respective about 6, 12 and 6 h after prior dose). Blood samples were collected within 30 and 10 min before dosing for the 1st and 3rd doses, and at the following times after dosing: 1, 1.5, 2, 3, 4, and 5.5 h (the 1st and 82nd doses); 1, 1.5, 2, 3, 4, and 6 h (the 2nd dose); and 1, 1.5, 2, 3, 4 and 14 h (the 84th dose).

Urine samples were collected at the following intervals for measurement of TSU-68: For twice-daily administration, prior to the 1st dose, 0--12 h after the 1st, 2nd, 3rd, 15th, 55th doses, and 0--12 and 12--24 h after the 56th dose. For three times daily administration, prior to the 1st dose, 0--6 h after the 1st, 2nd, 22nd, 82nd, and 83rd doses, 0--12 h after the 3rd dose, and 0--6, 6--14 and 14--24 h after the 84th dose.

TSU-68 concentration was determined using a validated high-performance liquid chromatography method with UV detection, with a lower limit of quantification of 0.1 μg/ml.

In pharmacokinetic analyses, non-compartmental pharmacokinetic parameters including area under the plasma concentration--time curves (AUC) from time 0 to the last measurable time (AUC~0--t~), maximum concentration (*C*~max~), time to maximum concentration (*T*~max~), and elimination half-life (*T*~1/2~) were calculated using PhAST (Ver.2.3, MDS Pharma Services, Montreal, Canada).

Biological studies {#Sec8}
------------------

As for plasma and urine collection before treatment and after day 8 and day 28, plasma VEGF, urinary VEGF, endothelial adhesion molecule-1 (ELAM-1), tissue plasminogen activator (t-PA), plasminogen activator inhibitor-1 (PAI-1), and vascular cell adhesion molecule-1 (VCAM-1) were measured at SRL, Inc. (Tokyo, Japan). Enzyme-linked immunosorbent assay (ELISA) kits for human VEGF, human ELAM-1, and human VCAM-1 were obtained from QuantikineTM from R&D Systems Inc. (Minneapolis, MN). ELISA kit for soluble t-PA was obtained from Calbiochem (La Jolla, CA). Latex photometric immunoassay system for soluble PAI-1 was obtained from Mitsubishi Chemical Medicine Corporation (Tokyo, Japan). The analysis was performed using the SAS^®^.

Results {#Sec9}
=======

Patient characteristics {#Sec10}
-----------------------

Twenty-four patients were enrolled in this study between June 2001 and March 2002. All patients were evaluable for safety, pharmacokinetics, and biological studies. The patient characteristics are summarized in Table [1](#Tab1){ref-type="table"}. All patients had a good performance status, and their median age was 55 years (range 31--72 years). The site of the primary tumor was colorectal cancer in 9 patients, non-small-cell lung cancer in 7 patients, and others in 8 patients. Twenty-two patients had received prior systemic chemotherapy with standard regimen, and 2 patients had no standard therapy.Table 1Patient characteristicsPtAgeSexPSBSA (m^2^)DiagnosisFrequencyDosageAUC Day 28Toxicity ≥ G3-4Best response (TTP, days)(mg/m^2^)(mg/day)^a^154F11.75Cervical ca.b.i.d.20080032.8--NC (162)254M11.66NSCLCb.i.d.20080033.4--NC (64)331F11.43Parotid ca.b.i.d.20040030.4--PD472F01.37SCLCb.i.d.4001,200--G3 (DLT)NC (29+)555F11.34NSCLCb.i.d.4001,200---- (DLT)NE650F11.43Unknownb.i.d.4001,20054.8--PD753M11.78NSCLCb.i.d.4001,60054.0--PD847M11.71Cholecystis ca.b.i.d.4001,20021.6--NC (61)947M11.68NSCLCb.i.d.4001,20017.1--NC (29+)1060F11.48Colon ca.b.i.d.5001,60061.2--PD1163F11.67Colon ca.b.i.d.5001,60044.6--PD1266F11.37NSCLCb.i.d.5001,20023.8--PD1346M11.59Colon ca.t.i.d.200120025.3--PD1451F11.31Soft tissue sa.t.i.d.20060019.0--NC (254+)1557M11.60Rectal ca.t.i.d.2001,20051.0--PD1650F11.77Colon ca.t.i.d.2001,20024.0--PD1762M11.70NSCLCt.i.d.2001,20016.6--NC (65)1860M11.70Colon ca.t.i.d.2001,20012.5--PD1956M12.26NSCLCt.i.d.4002,4009.9G4 (DLT)NC (28+)2054F11.51Colon ca.t.i.d.4001,80046.8--NC (217+)2164M11.91Colon ca.t.i.d.4002,40027.8--PD2251M11.68Gastric ca.t.i.d.4001,80021.3--PD2359F11.37Colon ca.t.i.d.4001,80030.7--NC (28+)2455M01.68Esophagus ca.t.i.d.4001,80053.4--PD*PS* performance status, *BSA* body surface area, *AUC* area under the curve, *G* grade, *NC* no change, *PD* progressive disease, *ca* cancer, *sa* sarcoma, *NSCLC* non-small-cell lung cancer, *DLT* dose-limiting toxicity, *TTP* time to progression, *b.i.d*. TSU-68 administration of twice-daily, *t.i.d.* TSU-68 administration of thrice-daily^a^One tablet: 200 mg

Maximum tolerated dose {#Sec11}
----------------------

Patients were enrolled sequentially on the twice-daily/thrice-daily administration cohorts and in parallel within each dosing cohort. No DLT occurred in the 200 mg/m^2^ b.i.d dose level (3 patients). Three plus three patients were enrolled on the 400 mg/m^2^ b.i.d. dose level, with 2 patients experiencing DLTs: grade 3 dyspnea, hypoxemia, pleural effusion and anorexia, and unacceptable grade 2 anorexia. The grade 2 anorexia at 400 mg/m^2^ was an excruciating event with weight loss and blood albumin decrease, and this patient refused drug administration after 6 days. Two patients of DLT in 400 mg/m^2^ were different toxicity categories. One patient was Pulmonary (grade 3 of dyspnea, hypoxemia, pleural effusion, and anorexia, anorexia were the accompanying events of dyspnea), and the other patient was Gastrointestinal (anorexia of grade 2). Therefore, it did not count 2/3 patients, and enrolled patients with total six at 400 mg/m^2^. However, the 500 mg/m^2^ b.i.d. dose level was not found to DLT, and MTD was not reached, because dose escalation was stopped based on pharmacokinetic results. On the other hand, no DLT occurred in the 200 mg/m^2^ t.i.d. dose level, and one patient experienced a DLT of grade 4 pericardial effusion at 400 mg/m^2^ t.i.d. dose level. MTD was not reached either because dose escalation was not based on the result of pharmacokinetics, and three patients were enrolled in each dose level.

Toxicity {#Sec12}
--------

All 24 patients were evaluated for safety analysis. Major drug-related adverse events for 4-week administration are shown in Table [2](#Tab2){ref-type="table"}. As protocol-defined DLT, there were two patients who had grade 4 pericardial effusion by t.i.d., and grade 3 dyspnea, hypoxemia, pleural effusion, and anorexia by b.i.d. These adverse events were not the defined DLT with revealed characteristics of the TSU-68 safety profile. The main toxicities were almost all grade 1--2, and the toxicities occurring in at least over 30% included urine/stool discoloration, blood albumin decrease, fatigue, diarrhea, blood alkaline phosphatase increase, anorexia, abdominal pain, nausea, and vomiting.Table 2Number of patients with drug-related adverse eventsAdverse eventsb.i.d.t.i.d.Total no. (%) *n* = 24200 mg/m^2^ × 2\
*n* = 3400 mg/m^2^ × 2\
*n* = 6500 mg/m^2^ × 2\
*n* = 3200 mg/m^2^ × 3\
*n* = 6400 mg/m^2^ × 3\
*n* = 6G1G2G3G4G1G2G3G4G1G2G3G4G1G2G3G4G1G2G3G4Discoloration urine/stool3636624 (100)Blood albumin decreased112212513220 (83.3)Malaise11436318 (75.0)Diarrhea1151413117 (70.8)Alkaline phosphatase increased16122113 (54.2)Anorexia2211221112 (50.0)Abdominal pain212121211 (45.8)Nauseous1213119 (37.5)Vomiting12238 (33.3)Headache121127 (29.2)Serum total protein decreased1111117 (29.2)γ-glutamyltransferase increased12126 (25.0)Face edema1236 (25.0)Back pain11125 (20.8)Abdominal pain upper11125 (20.8)Pleural effusion111115 (20.8)Dyspnea11 (4.2)Hypoxia11 (4.2)Pericardial effusion11 (4.2)No. maximum grade03000510030015000501*b.i.d.* TSU-68 administration of twice-daily, *t.i.d.* TSU-68 administration of thrice-daily, *G* grade

Pharmacokinetics {#Sec13}
----------------

In the b.i.d. regimen after meal, pharmacokinetic analyses were performed in 12 subjects, at the doses of 200 mg/m^2^ (*n* = 3), 400 mg/m^2^ (*n* = 6), and 500 mg/m^2^ (*n* = 3). In the t.i.d. regimen after meal, pharmacokinetic analyses were performed in 12 subjects, at the doses of 200 mg/m^2^ (*n* = 6) and 400 mg/m^2^ (*n* = 6). The mean concentration--time profiles in each dose level are shown in the Fig. [1](#Fig1){ref-type="fig"}. Pharmacokinetic results are presented in Table [3](#Tab3){ref-type="table"}.Fig. 1Plasma concentration-versus-time profiles of TSU-68. **a** Twice-daily administration after meal, **b** thrice-daily administration after mealTable 3Summary of TSU-68 pharmacokinetic dataDosemg/m^2^ (*n*)*T*~max~ (h)*C*~max~ (mg/ml)AUC~0--t~ (h)*T*~1/2~ (h)b.i.d. 1st200 (3)3.000 ± 1.00011.213 ± 1.147055.19 ± 5.3562.365 ± 0.8600400 (6)2.667 ± 0.816517.088 ± 6.587276.44 ± 23.072.935 ± 0.6925500 (3)4.000 ± 1.73222.538 ± 10.019102.8 ± 45.572.351 ± 0.5992 3rd200 (3)3.500 ± 2.2916.0000 ± 0.6706533.28 ± 4.3292.707 ± 0.4712400 (6)2.667 ± 0.81658.2905 ± 2.722440.38 ± 10.633.450 ± 1.366500 (3)4.333 ± 1.5288.7873 ± 2.924545.74 ± 14.593.334 ± 1.161 55th200 (3)2.000 ± 0.86606.4597 ± 1.912528.71 ± 1.6013.453 ± 0.9825400 (6)2.250 ± 0.5000^a^8.5832 ± 4.5463^a^31.97 ± 11.32^a^2.620 ± 0.4410^b^500 (3)3.333 ± 2.3099.3587 ± 5.717434.09 ± 12.442.958 ± 0.7176 56th200 (3)2.667 ± 1.1554.7870 ± 0.5256632.20 ± 1.5433.469^c^400 (6)2.375 ± 0.7500^a^8.4130 ± 5.8740^a^36.86 ± 20.31^a^2.595 ± 0.5267500 (3)3.167 ± 1.4437.5103 ± 3.461443.19 ± 18.721.820^d^t.i.d. 1st200 (6)3.083 ± 1.42910.997 ± 5.528437.04 ± 18.242.035 ± 0.4607^b^400 (6)3.417 ± 1.20112.450 ± 5.759741.55 ± 21.602.610^d^ 2nd200 (6)3.667 ± 1.3667.0053 ± 2.412431.52 ± 12.522.986^c^400 (6)3.000 ± 1.7899.3387 ± 4.509042.01 ± 18.902.406 ± 1.144^b^ 82nd200 (6)2.667 ± 0.9834.6755 ± 1.491015.16 ± 4.8861.459^c^400 (6)3.833 ± 1.4386.0472 ± 2.406717.31 ± 6.8671.990^d^ 84th200 (6)2.000 ± 1.0493.8457 ± 2.984224.75 ± 13.694.773 ± 2.221^e^400 (6)2.917 ± 1.2014.7810 ± 1.951431.65 ± 16.132.226^c^(Mean ± SD, *N* = 6: 200 mg/m^2^ of t.i.d. and 400 mg/m^2^, *N* = 3: 200, 500 mg/m^2^ of b.i.d.)^a^*N* = 4, ^b^*N* = 3, ^c^*N* = 2, ^d^*N* = 1, ^e^*N* = 5

In the b.i.d. and t.i.d. regimens after meal, after the 1st dose, the plasma concentration of TSU-68 increased to reach *C*~max~ at approximately 3 h, and thereafter disappeared with *T*~1/2~ of approximately 2--3 h. In the b.i.d. regimen, at any dose levels, *C*~max~ and AUC after the repeated administration of TSU-68 on days 2 and 28 were approximately twofold lower than those after the 1st administration on day 1. The t.i.d. regimen also shows a similar trend. There were no apparent differences in these parameters between days 2 and 28. In addition, no obvious dose-dependent increases were observed with these parameters after the repeated b.i.d. and t.i.d. doses.

Urinary excretion of TSU-68 was below 1% of dose in all dose levels.

Efficacy {#Sec14}
--------

Clinical response was estimated by 23 patients with one patient receiving medication of 1 cycle for less than 50%, and the best response of each case is indicated in Table [1](#Tab1){ref-type="table"}. Although a PR patient was not found, the NC patients were observed at 43.5% (10/23 example) in these studies. Notably, two patients with soft tissue sarcoma (Pt.14) and colon cancer (Pt.20) were treated with TSU-68 for 6 and 9 months. In addition, the median time to progression was 28 days (range 27--254+ days), and the median survival period was 218 days (range 79--465+ days).

Biomarkers {#Sec15}
----------

As an angiogenesis-related factor, the plasma VEGF, urinary VEGF, ELAM-1, t-PA, PAI-1, and VCAM-1 were investigated in 23 patients at baseline, 23 patients at day 8, and 22 patients at day 28. Median (range) of those factors were as follows: plasma VEGF to 66 pg/ml (\<31--183 pg/ml) at baseline, 55 pg/ml (\<31--278 pg/ml) at day 8, and 63 pg/ml (\<31--270 pg/ml) at day 28; urinary VEGF to 108 pg/ml (\<31--491 pg/ml) at baseline, 144 pg/ml (\<31--1210 pg/ml) at day 8, and 162.5 pg/ml (68--730 pg/ml) at day 28; ELAM-1 to 51 ng/ml (14--134 ng/ml) at baseline, 50 ng/ml (13--136 ng/ml) at day 8, and 45.5 ng/ml (17--114 ng/ml) at day 28; t-PA to 7.2 mg/ml (2.6--15.4 ng/ml) at baseline, 7.2 ng/ml (3.3--14.3 ng/ml) at day 8, and 6.8 ng/ml (2.9--13.5 ng/ml) at day 28; PAI-1 to 23 ng/ml (10--73 ng/ml) at baseline, 28 ng/ml (11--92 ng/ml) at day 8, and 31 ng/ml (11--120 ng/ml) at day 28; VCAM-1 to 501 ng/ml (373--1,080 ng/ml) at baseline, 562 ng/ml (303--1,140 ng/ml) at day 8, and 545.5 ng/ml (355--988 ng/ml) day 28.

As a result of stratified analysis on efficacy (separated between NC of 10 pts. and PD of 13 pts.) before and after treatment, plasma VEGF and PAI-1 were detected as a significant change by Wilcoxon signed rank-sum test. Figure [2](#Fig2){ref-type="fig"} shows the change in these factors for each patient. Both factors with PD patients were significantly increasing at day 28 compared to baseline. Three progressors in VEGF were the same patients of 3 progressors in PAI-1, and these 3 progressors were Pt.11, Pt.13, and Pt.18 in Table [1](#Tab1){ref-type="table"}. Regarding the other factors, no significant change was found in NC patients or PD patients. Also, the angiogenesis-related factors were compared with NC patients and PD patients on baseline, but a factor in a significant correlation with clinical efficacy could not be detected.Fig. 2The changing of plasma VEGF and PAI-1 after 8 or 28 days of treatment with TSU-68

Discussion {#Sec16}
==========

This study investigated the difference of toxicity and pharmacokinetic data between twice-daily and thrice-daily administering after meal, based on a pre-clinical study, which plasma concentrations of TSU-68 orally administered to fed dogs were higher than that administered to fasted dogs.

In this study, in the time before the advent of molecular-targeted agent, the completed standards systemic chemotherapy population was appropriate for patient evaluation of TSU-68 toxicity and feasibility. The subjects of the protocol-defined DLT were two patients by twice-daily administration and one patient by thrice-daily administration. The plasma concentrations of TSU-68 after day 28 were hardly increased with doses from 200 mg/m^2^ b.i.d. to 400 mg/m^2^ t.i.d. For this reason, the dose escalation should stop at 1,200 mg/m^2^ per total daily dose, and the determination of an unreached MTD was reasonable.

As the main toxicities of TSU-68 in this study, malaise, diarrhea, anorexia, abdominal pain, nausea, and vomiting were observed as subjective symptoms, except the urine/stool discoloration from drug colors. Almost all of the toxicities were grades 1--2, and there were no remarkable differences in the adverse events and grades of side effects by the medication method or the dose level. Moreover, many events of blood albumin decreased and alkaline phosphatase increased as laboratory test values were observed, but there was little evidence of myelosuppression. Consequently, these toxicities were considered acceptable for an oral molecule targeting agent.

The toxicity of TSU-68 did not demonstrate gastrointestinal perforation of characteristic of monoclonal VEGF antibody \[[@CR20]\], or a high incidence of a hypertension or skin rash in VEGFR tyrosine kinase inhibitors \[[@CR21], [@CR22]\]. On the other hand, as a toxicity characteristic of TSU-68, fluid retention such as face edema, pleural effusion, and pericardia effusions were seen with a relatively high frequency. As similar characteristics, tyrosine kinases inhibitor of a high incidence of fluid retention was Imatinib, targeted for Bsc-Abl, KIT and PDGFR, and was reported at 54% \[[@CR23]\].

As a biomarker, although the factor relevant to angiogenesis was measured before and after TSU-68 administration, no factor changed significantly. When this biomarker was stratified by NC patients and PD patients, VEGF and PAI-1 increased significantly after TSU-68 administration compared with before administration in PD patients. These stratification factors suggest the possibility that a significant increase in both VEGF and PAI-1 become response markers of early tumor progression for TSU-68. It is known that VEGF participates in the blood vessel rebirth of tumor multiplication \[[@CR5]\], and PAI-1 was increased by the effect of PDGF in a vascular smooth muscle cell \[[@CR24], [@CR25]\]. Since the changes of PAI-1 levels show the difference between NC patients and PD patients, there is some potential for inhibitory activity in PDGFR tyrosine kinases by TSU-68. However, as the values of the biomarkers prior to the administration were not related by NC patients and PD patients stratification, a marker could not be used to predict the clinical effect for TSU-68.

The inhibition of PDGFR tyrosine kinase by TSU-68 enforced tumor vessel regression by interfering with pericyte-mediated endothelial cell survival \[[@CR15], [@CR26]\] and inhibitory effect on PDGFR strengthened inhibitory effect of VEGFR to induce antitumor effects. The phenomena showing PDGF-related toxicity and efficacy may be a characteristic of TSU-68, which is dissimilar from the other multi-kinase inhibitors for anti-angiogenesis.

In the pharmacokinetics of TSU-68, the *C*~max~ and AUC after the repeated doses on days 2 and 28 were lower than those after the 1st dose on day 1. These parameters on day 28 were comparable with those on days 2. This suggests that the decreased plasma exposure to TSU-68 rapidly reaches a steady state and is maintained over therapeutic cycles. This trend is consistent with a published clinical result showing that AUC of TSU-68 on day 56 was similar to that on day 28 \[[@CR27]\]. Furthermore, PK parameters of TSU-68 were not apparently different between the 55th and 56th doses (b.i.d.), and between the 82nd and 84th (t.i.d.), suggesting that a circadian rhythm had no influence on PK of TSU-68. The observed decrease in the exposure is probably due to autoinduction of TSU-68 metabolism. Since urinary excretion accounted for a very low percentage of the dose, predominant elimination of TSU-68 can be regarded as hepatic metabolism. In the non-clinical studies \[[@CR28], [@CR29]\], TSU-68 was found to cause induction of liver cytochrome P450, CYP1A1/2 involved in its own metabolism, leading to the decrease in the TSU-68 plasma concentrations.

No obvious dose-dependent increases were observed with *C*~max~ and AUC after the repeated doses. The most likely reason for this observation is a saturation of absorption based on its lower solubility. A previous clinical study reported that absolute bioavailability of TSU-68 administered at 100 mg/m^2^ after meals was 42% \[[@CR30]\]. In this study, AUC of TSU-68 administered after meals tended to be slightly higher, compared to a previous study \[[@CR31]\], in which TSU-68 was administered between meals. Another Japanese clinical study of TSU-68 has also reported that the AUC under fed conditions was higher than that under fasted conditions \[[@CR30]\]. These findings may suggest that absorption of TSU-68 tends to increase when food is taken just before TSU-68 dosing. When total daily AUC was compared between the b.i.d. and t.i.d. regimens, the AUC was estimated to be similar between the two regimens. Therefore, the b.i.d. regimen would be preferable in therapeutic use from the viewpoint of compliance.

As an efficacy of TSU-68, there was no tumor reduction and a few patients were treated for more than 6 months. However, the tumor control rate was 43.5% (10/23 patients). These patients had no effects with standard therapy, or did not have standard therapy previously. In light of this population, it was decided that antitumor effect not be pursued.

TSU-68 phase I studies in Japan have three different dosing regimens, including the twice-daily between meals \[[@CR31]\] and the twice-daily or thrice-daily after meals. The recommended dosage of TSU-68 was concluded to be ≤800 mg/m^2^ b.i.d. under the between-meal conditions, and ≤400 mg/m^2^ b.i.d. and ≤400 mg/m^2^ t.i.d. under the after-meal conditions. As mentioned above, AUC of TSU-68 tend to be somewhat increased by administering the drug after meals, and the total daily AUC was similar between the b.i.d. and t.i.d. regimens. In addition, marked differences in the types or severity of drug-related adverse events were not observed between the three regimens. Therefore, for further studies, the recommended dose schedule of TSU-68 administration was finally considered "b.i.d. after meals", in which higher AUC and more convenient therapeutic use would be achieved.

An Independent Data Monitoring Committee discussed data obtained from the three studies to evaluate the recommended dose of TSU-68 for further studies. The number of TSU-68 tablets administered to patients should not be adjusted by patients according to body surface area, because of no obvious dose-dependency in the steady-state AUC. Regarding safety, the incidences of drug-related adverse events showed no marked dose dependency, although the number of drug-related adverse events by patient tended to increase when patients were treated at doses of 400 mg/m^2^ or more. Additionally, out of 6 patients enrolled in dose level 400 mg/m^2^, which was the maximum recommended dose of TSU-68, one patient (Pt.4 in Table [1](#Tab1){ref-type="table"}) experienced DLT (grade 3 dyspnoea, hypoxia, pleural effusion and anorexia) and one patient (Pt.5 in Table [1](#Tab1){ref-type="table"}) experienced grade 2 anorexia which caused discontinuation of TSU-68 administration (DLT), and 2 patients were treated at a dose of 600 mg/body b.i.d. after meals. Since TSU-68 was a tablet of 200 mg, the next dose level down was 400 mg/body; both of the 2 patients (Pt.1 and Pt.2 of Table [1](#Tab1){ref-type="table"}) in 400 mg/body b.i.d. had no DLT. Therefore, the Independent Data Monitoring Committee considered that 400 mg/body b.i.d. was more tolerable than 600 mg/body b.i.d. for safety and suggested that "400 mg/body b.i.d. after meals" was proper as the recommended dose of TSU-68.

TSU-68 is a medicine comparably safe in receptor tyrosine kinase inhibitors and is particularly useful at prolonging the survival of patients with cancer in combinations of standard chemotherapies; further combinations studies of TSU-68 with standard chemotherapy are planned in several solid tumors.
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